cytes are believed to contribute to atherosclerotic progression. Several studies have shown that an elevated WBC count was a risk factor for metabolic and cardiovascular diseases in the range accepted as "normal". [15] [16] [17] [18] [19] [20] [21] To date, only a few studies have examined the association of low birth weight with inflammatory indices in later life. [22] [23] [24] From these, only 1 study has shown an inverse association between birth weight and CRP concentration in adults, 22 whereas 2 studies in children failed to find such an association. 23, 24 The association between birth weight and WBC count has never been reported.
We hypothesized that low birth weight might contribute toward elevated WBC counts in adults. We investigated the association between birth weight and adult WBC count in light of current bodily characteristics in middle-aged Japanese men and women. Our finding will propose not only the underlying mechanisms between birth weight and cardiovascular disease and its risk factors, but also new measures for the prevention of cardiovascular disease. medical history and lifestyle characteristics such as physical activity, drinking habits and smoking status. This questionnaire asked participants to provide their birth weights from 1 of the following 8 categories: <2,500, 2,500-<2,800, 2,800-<3,000, 3,000-<3,200, 3,200-<3,500, 3,500-<4,000, ≥4,000 g, and unknown. Of 1,760 subjects who had available information about their WBC count, 1,002 (56.9%) (1,460 men and 300 women) also supplied information on birth weight. Subjects whose birth weight was available (mean age 47.5 years) were significantly younger than those who did not have or did not know this information (mean age 51.6 years). In addition, the percentage of females was higher among those who provided birth weight data (21.0%) compared to those who did not (11.9%). Neither the mean body mass index (BMI) nor the WBC counts were different between subjects who did or did not provide birth weight data (BMI: 23.2 and 23.1 kg/m 2 , respectively; WBC: 5,368 and 5,340 / l, respectively). Subjects who were unable to provide birth weight data were excluded from the analysis. Fourteen subjects with WBC counts (/ l) of 10,000 and above were also excluded. Finally, 988 persons (779 men and 209 women) aged 35-64 years were subjected to analysis. All subjects in this study gave written informed consent to have their personal information used. The study protocol and the informed consent procedure were approved by the Ethics Review Committee of Nagoya University Graduate School of Medicine, Nagoya, Japan.
Category of Birth Weight for Analysis
Because only 12 subjects reported their birth weight as ≥4,000 g, the 3,500-<4,000 g and ≥4,000 g categories were combined, creating a new category of ≥3,500 g. Analyses were thus reduced to 6 categories: <2,500, 2,500-<2,800, 2,800-<3,000, 3,000-<3,200, 3,200-<3,500, ≥3,500 g.
Measurements
Height and weight were measured when subjects were barefoot and dressed in light indoor clothing. BMI was calculated as (weight in kg)/(height in m). 2 Blood pressure was measured by auscultation using a mercury sphygmomanometer or by an automated sphygmomanometer (UK-15, Parama-Tech Co, Fukuoka, Japan). As a rule, measurements were taken with subjects in a sitting position after a minimum 5-min rest. Blood samples were collected after subjects fasted for 8 h or overnight. The WBC counts were determined by using automated particle counters within 24 h after a venipuncture in a commercial laboratory. Serum was isolated immediately, and measurements of routine health check-up items including fasting blood sugar (FBS), triglyceride (TG), and high-density lipoprotein-cholesterol (HDL-C) were collected.
Statistical Analysis
A Student's t-test or one-way analysis of variance was used to detect the difference in mean WBC count by each discrete variable, that is, sex, regular exercise (1 day or over per month and 60 min or over per month), smoking status (never, former, current smoker (≤20 cigarettes/day), current smoker (>20 cigarettes/day)), and the presence of hypertension (systolic blood pressure ≥140 and/or diastolic blood pressure ≥90 mmHg and/or the use of antihypertensive drugs), diabetes (FBS ≥126 mg/dl and/or hemoglobin A1c ≥6.5% and/or the use of hypoglycemic medication), and dyslipidemia (TG ≥150 mg/dl and/or HDL-C <40 mg/dl for men, <50 mg/dl for women and/or the use of medicine for dyslipidemia). Pearson's correlation analysis was used to The characteristics of sex, regular exercise, smoking status, and the presence of hypertension, diabetes and dyslipidemia by birth weight category were examined, and differences were evaluated by a 2 -test. One-way analysis of variance was used to evaluate the differences in age, alcohol consumption, height, weight, BMI, and WBC count, according to birth weight category. Linear trends on height, weight, BMI and WBC count were tested with polynomial contrast using the SPSS statistical package.
To clarify the differences and trends in WBC according to birth-weight category after adjustments for potential confounders, one-way analysis of covariance with polynomial contrast was used. Adjusted mean WBC count by birth weight was estimated by using 2 models: Model 1, adjustments for sex, age, height and BMI; and Model 2, adjustments for sex, age, height, BMI, smoking status (dummy variables), alcohol consumption (continuous variable), regular exercise (Yes or No), and the presence of hypertension, diabetes and dyslipidemia (Yes or No).
To elucidate whether the effects of birth weight differed by BMI levels, subjects were divided into 2 subgroups by BMI 25.0 kg/m 2 according to the criteria recommended by the Japan Society for the Study of Obesity. 25 In the present study, we also performed the same analyses as those mentioned above.
All analyses were conducted using the SPSS statistical package for Windows Version 11.5. All p values were calculated by using a 2-sided test. A p value of less than 0.05 was considered statistically significant in all analyses.
Results
The subjects were 779 men and 209 women whose mean age was 47.5 years ( Table 1) . The mean of current height, weight and BMI was 166.2 cm, 64.4 kg and 23.2 kg/m 2 , respectively. The mean WBC count was 5,283 / l (SD: 1,326). Age, height, weight and BMI were positively correlated with the WBC count. Men (5,381 / l) had a higher WBC count than women (4,918 / l). The WBC count of current smokers (6,175 / l in >20 cigarettes/day, 5,833 / l in ≤20 cigarettes/day) was higher than that of former smokers (5,180 / l) or those who had never smoked (4,944 / l).
The characteristics in terms of sex, age, lifestyles and chronic diseases according to birth-weight category are shown in Table 2 . The proportion of males was low among subjects whose birth weights were <2,500 g. Subjects with low birth weight were older than those with normal or high birth weight. Significant differences according to the birthweight category were also observed in alcohol consumption and the prevalence of hypertension. Table 3 shows the mean of height, weight, BMI and WBC according to birth weight category. The subjects with higher birth weights were currently taller and heavier (p for difference <0.001, p for linear trend <0.001). Current BMI was not associated with birth weight (p=0.45). The mean WBC counts were 5,783, 5,322, 5,336, 5,213, 4,932 and 5,388 for subjects with birth weights of <2,500, 2,500-<2,800, 2,800-<3,000, 3,000-<3,200, 3,200-<3,500 and ≥3,500 g, respectively (p for difference =0.004). Subjects with lower birth weights had higher WBC counts (p for linear trend =0.008). Stratified analysis by BMI 25.0 kg/m 2 showed that this linear association was pronounced among the subjects with a BMI <25.0 kg/m 2 compared with those with a higher BMI.
Estimated WBC counts after adjustments for potential confounders are shown in Table 4 . After adjustments for sex, age, height, BMI, smoking status, alcohol consumption, regular exercise, and the presence of hypertension, diabetes and dyslipidemia, the estimated WBC counts were 5,729, 5,341, 5,301, 5,212, 5,013 and 5,372 for subjects with birth weights of <2,500, 2,500-<2,800, 2,800-<3,000, 3,000-<3,200, 3,200-<3,500 and ≥3,500 g, respectively (p for difference =0.015). Having a low birth weight was significantly associated with an elevated WBC count (p for linear trend =0.016). Stratified analysis for a BMI of 25.0 kg/m 2 showed that subjects that had both a less-than-2,500 g birth weight and a 25 kg/m 2 or greater current BMI had the highest WBC counts (6, 259) . The linear association between birth weight and WBC count was similar among subjects with a BMI <25.0 kg/m 2 (p=0.046, p for linear trend =0.038), although it did not prove to be significant among those with a higher BMI (p for difference =0.50).
We also performed the same analyses separately for male and female subjects. A similar significantly negative association between birth weight and WBC count was ob- served in men (estimated value of WBC count in Model 2: 5,858, 5,433, 5,444, 5,302, 5,095, 5,468 / l in birth weight categories of <2,500, 2,500-<2,800, 2,800-<3,000, 3,000-<3,200, 3,200-<3,500 and ≥3,500 g, respectively; p for trend =0.028). In women, those subjects with low birth weight were also likely to have high WBC counts although the statistical trend was not significant (estimated WBC count in the respective categories; 5,206, 5,006, 4,761, 4,955, 4,737, and 4,980 / l).
Discussion
To the best of our knowledge, this study is the first to report on the association between birth weight and adult WBC count. We demonstrated that low birth weight was associated with elevated WBC count independently of sex, age, current bodily characteristics, lifestyles and chronic diseases in middle-aged Japanese men and women. This association was pronounced among the subjects with a BMI <25.0 kg/m 2 rather than those with a higher BMI. These findings indicate that lower birth weight is associated with the heightened low-grade inflammation burden in adulthood, especially among non-obese people.
The association between low birth weight and heightened low-grade inflammation during adulthood independent of current BMI can be explained by 3 hypotheses. First, inflammatory pathways might be affected by intrauterine programming. Results from the Leningrad siege study showed that exposure to famine in utero was associated with an increased subscapular triceps ratio of subcutaneous thickness in adults, but not with a difference in BMI. 26 In rats, prenatal exposure to cytokines leads to increased fat deposits in adult offspring. 27 Environmental insults during the critical periods of growth and development might induce permanent changes in tissue structure and function. Second, it is possible that genetic influences underlie this association; common genetic factors might lead to low birth weight and heightened low-grade inflammation. Finally, a catch-up growth hypothesis might be most important. A positive association of postnatal catch-up growth with increased risk for Type 2 diabetes and cardiovascular disease in later life has been reported. [28] [29] [30] [31] Ong and Loos reviewed 21 studies with data on the association between rapid infancy weight gain up to age 2 years and subsequent obesity risk, and concluded that all 21 studies have found a statistically significant positive association. 32 In a mouse model, protection from postnatal catch-up growth was provided by reducing caloric intake after delivery until weaning, which prevented glucose intolerance and obesity up to 6 months of age. 33 Unfortunately, we could not collect information on weight in infancy or later childhood. However, when the catch-up hypothesis in childhood is extrapolated into adulthood, subjects with both a less-than-2,500 g birth weight and a 25 kg/m 2 or greater current BMI might be considered to have the highest degree of low birth weight followed by overweight/obesity in adulthood. In fact, they had the highest WBC count in the present study. Future efforts are necessary to examine this issue in a longitudinally designed study.
Our study also showed a positive relationship between current BMI and WBC count, a finding consistent with previous studies that found a positive association between the index of adiposity and low-grade inflammation in adults. 34, 35 In children, a positive association of BMI or body fat with low-grade inflammation was also reported. 23, 36, 37 Inflammatory process such as macrophage infiltration was found in the adipose tissue of obese children. 38 In newborns, WBC counts were generally lower in preterm than in full-term infants. [39] [40] [41] Very-low-birth-weight neonates have been reported to exhibit a high incidence of neutropenia. 39 Such results suggest that weight or adiposity was probably positively associated with WBC counts of the same period in any generation. In contrast, birth weight was negatively associated with adult WBC count in this study. Similarly, an inverse association between birth weight and CRP concentration in adults has been shown, 22 whereas such an association could not be found in childhood. 23, 24 The percentage of visceral fat was lower in newborns than in adults, and the increase in weight at birth mainly reflects an increase in subcutaneous fat, whereas the increase in weight or BMI in adults reflects on the accumulation of visceral fat. Furthermore, a low birth weight leads to a smaller proportion of lean mass rather than fat mass in later life, and is associated with a more central pattern of fat distribution in later life, suggesting a high proportion of visceral fat. [42] [43] [44] Low birth weight also correlates with subsequent endothelial dysfunction, mediated in part by low-grade inflammation. 45 The impact of low birth weight on the inflammation status might be gradually clarified by increasing the proportion of visceral fat as we age.
We also noted that a slightly elevated WBC count was observed among subjects whose birth weight was ≥3,500 g, which showed a reverse J-shaped birth weight association. This was similar to the result in the U-shaped association between birth weight and Type 2 diabetes. 44 Subjects whose birth weight was ≥3,500 g also had a high proportion of diabetes and high current BMI. Those with a potential risk for cardiovascular disease might also have been included among subjects whose birth weight was ≥3,500 g.
Finally, the negative association between birth weight and WBC count was pronounced among current non-obese subjects, although subjects with both a less-than-2,500 g birth weight and a 25 kg/m 2 or greater current BMI had the highest WBC count. The statistical power to detect a significant difference might have been limited by the small number of obese subjects (n=236). This also might suggest that current obesity would have a greater effect on inflammatory status than low birth weight. Tackling obesity in adult life by modifying one's lifestyle or environment is naturally important for preventing inflammation, which might grow more pronounced with age.
Further to our findings as above mentioned, the fact that subjects with low birth weight were older than those with normal or high birth weight should be considered. The older age was related to the high prevalence of hypertension, diabetes and dyslipidemia. Smoking status was also strongly related with WBC. Therefore, we analyzed the independent association between birth weight and WBC count after controlling for these well-known confounding factors.
This study has several limitations. For one thing, the birth weight information is based on participants' reports. For its validity, a high correlation of self-reported birth weights with actual birth weights was checked by using official registries. 46 Moreover, in Japan, the Maternal and Child Health Handbook provided to all pregnant women by their local government contains important information relevant to pregnancy and birth including birth-weight data recorded by obstetricians. Our cross-sectional study design might have harbored a selection bias, that is, we might have missed low-birth weight babies who did not survive. However, those who did survive would probably be healthier than those who did not, which could lead to an underestimation of the relationship between birth weight and WBC count. Another limitation was that since we had no information on the duration of gestation, we were unable to determine whether the association between birth weight and WBC count was caused by an intrauterine growth retardation or a premature birth with a weight appropriate for its gestational age. Finally, we used a single WBC measurement and had no data on a differential WBC count. WBC counts that were available in the present study might differ from the usual WBC counts in individuals since WBC counts fluctuate easily. However, if this proves true, the present study might have underestimated the true association. Multiple WBC measurements over time might be needed to provide more accurate and detailed information on the association between WBC and birth weight. Since granulocytes and monocytes are believed to be involved in the pathogenesis of atherosclerosis, 19 they might have been major contributors to the association between birth weight and WBC.
In conclusion, we demonstrated that low birth weight was associated with elevated adult WBC count independently of sex, age, current bodily characteristics, lifestyles and chronic diseases, especially among non-obese people. This suggests that part of the association of low birth weight with elevated risk for vascular and metabolic diseases in later life could be mediated by an inflammatory pathway. In Japan, the mean birth weight has been gradually decreasing and the low-birth-weight babies have been increasing in recent years. Although this is mainly because of the advancement of medical treatment for newborns or the development of assisted reproductive technology, other plausible reasons have been raised; for example, the inappropriate restriction of calorie intake during pregnancy or the increased numbers of pregnant women who smoke, thus increasing the possibility of intrauterine insults. Current dietary practises that lead to nutritional excess such as the combination of formula feeding and early introduction of solid foods in infants, which leads to catch-up growth, should be also modified. Hopefully, our findings might also provide new strategies for clinical practice or public health intervention, such as the prevention of prenatal insults and postnatal catch-up growth.
